Infective endocarditis, 1983–1988: Echocardiographic findings and factors influencing morbidity and mortality  by Jaffe, Warwick M. et al.
lACC Vol. 15, No.6
May 1990:1227-33
CLINICAL STUDIES
Infective Endocarditis, 1983-1988: Echocardiographic Findings and
Factors Influencing Morbidity and Mortality
WARWICK M. JAFFE, MB, FRACP, DENNIS E. MORGAN, MD, FRCPC,
ALAN S. PEARLMAN, MD, FACC, CATHERINE M. OTTO, MD, FACC
Seattle, Washington
1227
The echocardiograms and clinical records of 70 patients
with infective endocarditis seen between 1983 and 1988
were examined to evaluate the role of two-dimensional and
Doppler echocardiography in the diagnosis of infective
endocarditis and identify risk factors for morbidity and
mortality. A blinded observer reviewed the echocardio-
grams for the presence and size of vegetations and the
severity of the valvular regurgitation. Vegetations were
identified in 54 (78%) of 69 technically satisfactory echocar-
diograms. In 38 patients whose heart was examined at
surgery or autopsy, all vegetations diagnosed by echocar-
diography were confirmed, but six additional vegetations
were found.
Abnormal (<==2+) valvular regurgitation was present in
88% of patients. No patient with :51+ regurgitation (n =8)
died or required valve surgery for heart failure, but three
of the eight patients did undergo surgery for mycotic
aneurysm, recurrent embolism or paravalvular abscess. In
patients without embolism before echocardiography, there
In recent years, the prognosis of patients with infective
endocarditis has improved as a result of advances in diag-
nosis, better antimicrobial therapy and earlier detection and
surgical management of complications (1). Factors strongly
associated with poor outcome without surgical treatment (2)
are congestive heart failure, severe valvular regurgitation
and uncontrolled infection (paravalvular abscess formation,
intramyocardial spread). Identification of patients who are at
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was a trend toward a greater incidence of subsequent
embolism in those with vegetations>10 mm in size (26% [8
of 31] compared with 11% [2 of 18] with vegetations :510
mm) (p =0.19). By multivariate analysis, risk factors for
in-hospital death (n =7) were an infected prosthetic valve
(p < 0.007), systemic embolism (p < 0.02) and infection
with Staphylococcus aureus (p =0.05).
It is concluded that 1) if valvular regurgitation is :51+,
the risk of in-hospital death is low, and progression to
cardiac surgery for hemodynamic instability is unlikely; 2)
there is a trend toward a higher risk of embolization in
patients with vegetations>10 mm in size; 3) early mortality
now relates to infected prosthetic heart valves, embolism
and Staphylococcus aureus; and 4) when a paravalvular
abscess or prosthetic valve endocarditis is suspected, trans-
thoracic echocardiographic findings are often equivocal and
transesophageal echocardiography may be of benefit.
(J Am Coli CardioI1990i15:1227-33)
high risk of complications is important because such individ-
uals require close monitoring in an institution with cardiac
surgical facilities.
The role of two-dimensional echocardiography in the
diagnosis of infective endocarditis and the detection of
complications has been evaluated previously (3-11). How-
ever, many studies are limited by small patient numbers and
poor standardization of diagnostic criteria for infective en-
docarditis. Older series also may be limited by suboptimal
image quality obtained with "early" echocardiographic in-
struments. In addition, these earlier studies did not employ
Doppler echocardiography, which now allows an estimate of
the severity of valvular regurgitation (12).
The aims of the present study were to \) evaluate the role
of two-dimensional and Doppler echocardiography in the
diagnosis of endocarditis and detection of its complications,
and 2) determine the risk factors for morbidity and mortality
from endocarditis,
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Methods
Study group. We retrospectively reviewed the hospital
charts of 93 patients with a discharge diagnosis of infective
endocarditis between April 1983 and August 1988. Eighty
patients fulfilled the following diagnostic criteria for infective
endocarditis. Ten of these patients had been transferred
from other hospitals for emergent cardiac surgery and did
not have echocardiograms available for review. The remain-
ing 70 patients formed the study group.
Diagnostic criteria for endocarditis. Patients were consid-
ered to have infective endocarditis if at least one of the
following criteria were met:
1. At surgery or autopsy, valvular vegetations or embolic
material, or both, were present with histologic or
bacteriologic evidence of active infection (40 patients).
2. Two or more positive sets of blood cultures in the
presence of a new regurgitant murmur or systemic
embolism (26 patients).
3. When two of the following conditions were present:
fever>38.soC, new regurgitant murmur, embolic phe-
nomenon (four patients, all of whom had one set of
positive blood cultures).
Left ventricular failure was diagnosed when there was
interstitial or alveolar edema on the chest X-ray film. Cere-
bral embolism was defined as a transient or permanent focal
neurologic deficit of sudden onset, and peripheral embolism
as sudden occlusion of a major artery. All clinically diag-
nosed peripheral emboli were confirmed surgically. Pulmo-
nary embolism in patients with right-sided endocarditis was
diagnosed from chest X-ray film and lung scan.
A paravalvular abscess was defined as surgical or au-
topsy evidence of extension of infection into the paravalvu-
lar tissue (myocardium, aortic wall) with cavity formation.
Histologic evidence of necrosis in the anulus without actual
formation of an abscess cavity was not considered a para-
valvular abscess.
Echocardiography. Echocardiograms of the 70 study pa-
tients were reviewed by an observer who did not know the
clinical data. The diagnosis of a vegetation was made if a
mass of abnormal echoes met all of the following conditions:
1) was attached to an endocardial surface, 2) was seen
consistently through the cardiac cycle, 3) was apparent in
multiple views, and 4) displayed motion independent of
cardiac structures (59 of 63) or was distinct in echogenicity
from the valve or endocardial surface (4 of63). The maximal
dimension of the vegetation in any view was measured. A
paravalvular abscess was diagnosed if there was either a
relatively echo-free space in the paravalvular region (three
patients) or abnormal paravalvular echogenicity measuring
> 10 mm (five patients) (Fig. I).
Valvular regurgitation was assessed by Doppler pulsed
wave mapping. Standard criteria (12) were used to obtain a
semiquantitative estimate of aortic, mitral and tricuspid
Figure 1. A, Parasternal long-axis echocardiographic view during
diastole, showing a large vegetation (arrow) attached to the anterior
mitral valve leaflet. B, Short-axis echocardiographic view at the
aortic valve level in a different patient, showing a vegetation (large
white arrow) attached to the left coronary cusp and an echo-free
space consistent with a paravalvular abscess (between black arrow
and open white arrow). Ao = aorta; LA = left atrium; LV = left
ventricle.
regurgitant severity. Color flow imaging was not available
for patients examined in the earlier part of the study;
therefore, regurgitant severity was estimated in all patients
from pulsed wave mapping. Because mild (1 +) regurgitation
has been reported in many patients without evidence of
cardiovascular disease (13), this finding was not considered
to be abnormal.
Site of cardiac involvement. The primary site of cardiac
involvement was determined either by direct examination of
the heart in 39 patients or was assumed to correspond to the
site of the vegetation or echocardiography in 21 patients
whose heart was not examined. In 10 patients who did not
undergo surgery and had no vegetation on echocardiog-
raphy, the primary site could not be determined.
Interobserver variability. Ten patients were randomly
selected and their echocardiograms reviewed by a second
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Table 1. Clinical Characteristics of 70 Patients Table 3. Severity of Valvular Regurgitation in 66 of 67 Affected
Valves
Mean age ± SD (yr) 47 ± 19
Gender (male/female) 40/30 Affected Valve
Severity
Intravenous drug abuser 20 (29%)
(1 + to 4+) Aortic Mitral Tricuspid Pulmonary Total
Previous endocarditis 9 (13%)
Previous cardiac surgery 14 (20%) Absent I 0 0 0 I
Preexisting cardiac abnormality It 3 2 I I 7
Valvular 17 (24%) 2+ 7 7 6 0 20
Prosthetic valve II (16%) 3+ 5 4 5 0 14
Congenital 4 (6%) 4+ 14 6 4 0 24
Total 30 19 16 I 66
observer to determine interobserver variability for detecting
vegetations, measuring their size and assessing the severity
of valvular regurgitation.
Statistical methods. Factors associated with death and
embolism (univariate analysis) were determined using the
chi-square test. Fisher's exact test (two tail) was used if the
expected count in any cell was <5. Multiple logistic regres-
sion was used to determine risk factors for in-hospital
mortality. Statistical significance was established at the p <
0.05 level.
Results
Clinical characteristics (Table 1). The age range of the 70
patients was 15 to 88 years. Twenty-nine percent were
intravenous drug abusers, and 46% (32 patients) had a
preexisting cardiac abnormality.
Bacteriologic data (Table 2). Blood cultures were positive
in 63 patients (90%). Staphylococcus aureus and Streptococ-
cus viridans accounted for the majority of cases. All seven
patients with negative blood cultures underwent surgery;
valve tissue was culture positive in one patient, and organ-
isms were seen on Gram stain in three other patients. The
remaining three patients had vegetations with histologic
features of active infection,
Echocardiography. Technically adequate echocardio-
grams were obtained in 69 of the 70 patients. Vegetations
were diagnosed in 54 (78%) of the 69 patients, and there was
Table 2. Causative Organism in 70 Patients
Positive blood culture (n = 63)
Staphylococcus aureus
Streptococcus l'iridans
Streptococcus [emUs
Gram negative
Staphylococcus epidermidis
Mixed gram positive
Other
Negative blood culture (n = 7)
Staphylococcus cultured from valve
Gram-positive cocci on valve tissue
Valve histology consistent with infection
24 (34%)
18 (26%)
6 (9%)
6 (9%)
2 (3%)
2 (3%)
5 (7%)
1(1%)
3 (4%)
3 (4%)
a total of 62 vegetations. Of the 15 patients (22%) without a
vegetation, 7 had a prosthetic heart valve, 4 had a discrete
mass of echoes that displayed no independent motion and
was similar in echogenicity to the attached structure, 2 had
congenital heart disease and 1had a thickened stenotic aortic
valve. In only one patient was the echocardiogram normal.
Thirty-eight of the 69 patients with a technically satisfac-
tory echocardiogram had their heart examined at cardiac
surgery (n = 35) or autopsy (n = 3) within 0 to 16 (median 2)
days of echocardiography. All 38 vegetations diagnosed by
echocardiography were confirmed at surgery. Six additional
vegetations were detected at surgery or autopsy (four were
infected pannus on a prosthetic valve; in one patient there
were small vegetations on a calcified stenotic native aortic
valve, and the remaining valve had a small anterior mitral
leaflet perforation with tiny attached vegetations).
Site of cardiac involvement. Of the 60 patients in whom
the primary cardiac site was identified, endocarditis was
left-sided in 43 (72%), right-sided in 15 (25%) and involved
both the left and right sides of the heart in 2 (3%). There were
67 affected valves (31 aortic, 19 mitral, 16 tricuspid and 1
pulmonary) and three extravalvular vegetations (two in the
right ventricle and one in the left ventricular outflow tract).
Three patients had both aortic and mitral valve involvement.
Vegetations were more likely to be detected on native (50 of
58 [86%]) as opposed to prosthetic (4 of 11 [36%]) valves
(p < 0.001).
Valvular regurgitation. In 66 of the 67 affected valves,
adequate Doppler recordings were obtained to grade the
severity ·of regurgitation (from 1+ to 4+) (Table 3). Regur-
gitation was 1+ in 7 valves, 2+ in 20, 3+ in 14 and 4+ in 24.
The single valve with no regurgitation showed severe steno-
sis. Abnormal (::::::2+) valvular regurgitation was found in
88% of patients.
In patients with $.] + regurgitation, there were no deaths
and valve surgery for heart failure was not required. How-
ever. one of these patients required neurosurgery for a
mycotic aneurysm, another with a prosthetic aortic valve
required surgery for a paravalvular abscess and a third
patient had aortic valve replacement because of recurrent
systemic emboli. Six of 15 patients without vegetations by
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echocardiography had::; 1+ regurgitation (2 had a prosthetic
valve, 2 had congenital heart disease, 1 had a thickened
native aortic valve and 1 had a normal heart).
Patients with culture-negative endocarditis. In the seven
patients with culture-negative endocarditis, there was a total
of nine anatomic sites of infection. The primary site of
involvement was aortic valve (two patients), mitral valve
(two patients), both aortic and mitral valve (two patients)
and extravalvular (one patient). In seven of the eight primary
valvular sites, there was ::=::2+ regurgitation. In the remaining
site, severe mitral stenosis was present.
Paravalvular abscess. This was diagnosed at surgery or
autopsy in seven patients; echocardiography detected five of
these abscesses (three had a relatively echo-free space
around the valve and two had paravalvular thickening). In
two additional patients, an abscess at surgery was not
detected by echocardiography, and both surrounded native
aortic valves; one was a small sinus, and the other was a
large cavity. The time between echocardiography and sur-
gery was 24 and 36 h, respectively. Two patients with
paravalvular thickening on echocardiography did not have
an abscess at surgery. One additional patient with a paraval-
vular abscess diagnosed by echocardiography presented in
the second trimester of pregnancy with vegetations on all
four valves and was treated medically.
Embolism. Clinical evidence of embolism was present in
30 (43%) of the 70 patients. Systemic emboli occurred in 23
(51%) of the 45 patients with left-sided endocarditis and
involved the cerebral circulation in 19 of these patients.
Pulmonary embolism was diagnosed in 7 (41%) of the 17
patients with right-sided involvement. No embolism oc-
curred in the 10 patients whose site of cardiac involvement
could not be identified.
Of the 23 patients with systemic embolism, 17 had vege-
tations detected by echocardiography, 3 had vegetations
only at surgery, 2 died without premortem identification of a
primary site and 1 had a technically inadequate echocardio-
gram (vegetations were present at surgery). In patients with
involvement of a single left-sided valve, there was a statis-
tically significant increase in the risk of embolism for mitral
valve endocarditis (63% [10 of 16]) compared with aortic
valve endocarditis (26% [7 of 27]) (p < 0.05). Systemic
embolism occurred in all three patients who had both mitral
and aortic vegetations. The only factor that was associated
with a statistically significant increase in the overall risk of
embolization was infection with Hemophilus influenza (4 of
4 patients with compared with 26 of 60 patients without, p <
0.01).
In the entire group, there was no relation between the size
of the vegetation and embolism. Embolism occurred before
echocardiography in 19 (27%) and after echocardiography in
11 (16%) of the 70 patients. One patient, who had an
embolism after echocardiography had a technically unsatis-
factory study and was excluded from the following analysis.
When patients who had an embolism before their echocar-
diogram were excluded, there was a trend toward a greater
incidence of embolism in patients with vegetations >10 mm
in size (8 [26%] of 32) compared with patients with vegeta-
tions ::::;10 mm or no vegetation (2 [11%] of 18) (p = 0.19,
Fisher's exact test).
Surgical treatment. Cardiac operation was undertaken in
36 (51%) of the 70 patients. The indications for cardiac
surgery were left ventricular failure (n = 18), recurrent
embolism (n = 6), uncontrolled infection (n = 4), or a
combination of these factors (n = 8). Among these 36
patients, there were two deaths (6% perioperative mortality
rate): 1patient died intraoperatively (Patient 4) and another
died 29 days after surgery (Patient 1) (Table 4).
Noncardiac surgery was performed in 7 (10%) of the 70
patients: neurosurgery in 3, peripheral mycotic aneurysm
repair in 2, abdominal surgery in 1and empyema drainage in
1. In these seven patients, there were two deaths (28%
operative mortality rate).
In-hospital mortality (Table 4). There were seven in-
hospital deaths (10%). The cause of death was multiorgan
failure (Patients 1 to 3), intraoperative death (Patients 4 and
5) and ruptured cerebral mycotic aneurysm (Patients 6 and
7). The three patients with multiorgan failure all presented to
the hospital in a moribund condition after a lengthy pro-
drome of symptoms unrecognized by the patients as related
to their heart valve. Only two deaths were directly related to
surgery (Patients 4 and 5). There were no deaths in the 17
patients with isolated right-sided endocarditis or the 8 pa-
tients with ::;1+ regurgitation. Five of 11 patients with
prosthetic valve endocarditis died.
Table 5 shows that (by multivariate analysis) risk factors
for in-hospital death (n = 7) were an infected prosthetic
valve, systemic embolism and infection with Staphylococcus
aureus. Neither left ventricular failure nor ::=::3+ regurgita-
tion was associated with an increased risk.
Interobserver variability. All 10 vegetations diagnosed by
the primary observer (observer A) were also diagnosed by
observer B. Twenty-nine of 30 valves were thought to be
free of a vegetation by both observers A and B; observer B
diagnosed an additional vegetation (not confirmed at sur-
gery) on a myxomatous aortic valve. In all 10 patients, there
was concordance between observers for both vegetation size
(::; or >10 mm) and presence or absence of abnormal
regurgitation « or ::=::2+).
Discussion
Echocardiographic detection of vegetation. In the current
study of 70 patients with endocarditis, 78% had an echocar-
diographic vegetation. Doppler echocardiography showed
abnormal regurgitation in 88% of all patients and in 97% of
patients without a prosthetic heart valve or congenital heart
disease.
JACC Vol. 15, No.6
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Pt. No.
2
4
6
7
Age (yr)1
Gender Valve Organism Clinical Details
47/M Native MV Staph. aureus Severe MR, LVF, multiple emboli; died of multiorgan failure
29 days after MVR
69/M MVR, AVR H, influenza Severe LVF, right hemiparesis, declined surgery; autopsy
showed infected AVR, MVR
72/F AVR Staph. aureus Acute AR, left hemiparesis, severe LVF, declined surgery;
PVA at autopsy
39/F AVR Staph. aureus Acute AR, severe LVF, PVA; could not be weaned from
bypass at operation
70/M AVR Staph. aureus Chronic ITP, cholecystitis, uncontrolled sepsis; died during
abdominal surgery
67/M MVR Staph. aureus Presented comatose from ruptured mycotic aneurysm; died 3
days after neurosurgery
251M MyxMV H. influenza Severe MR, LVF, coma on eve of surgery; autopsy showed
cerebral mycotic aneurysm
AR = aortic regurgitation; AVR = aortic valve replacement; F = female; H. = Hemophilus; lIP = idiopathic thrombocytopenic purpura; LVF = left
ventricular failure; M = male; MR = mitral regurgitation; MVR = mitral valve replacement; Myx MV = myxomatous mitral valve; Pt. = patient; PYA =
paravalvular abscess; Staph, = Staphylococcus.
The prevalence of vegetations detected by echocardiog-
raphy in previous studies (3-10) ranged from 42% to
86%, The detection rate varies with the group of pa-
tients studied, the echocardiographic methods used and the
definition of what echocardiographic abnormalities consti-
tute a vegetation, Our definition of a vegetation is stated
clearly and excludes many abnormalities that have low
specificity, The use of this definition is supported by the
close relation between echocardiographic and surgical find-
ings. Nevertheless, mobile noninfected echoes, such as
those seen with chordal rupture, could be mistaken for
vegetations.
Difficulty diagnosing vegetations in patients with a pros-
thetic heart valve or a thickened native valve is well recog-
nized (1,14-16). In this subgroup, Doppler echocardiography
was not of major diagnostic benefit because almost half had
:s1+ regurgitation. Transesophageal echocardiography may
improve the diagnostic yield (17).
Echocardiographic detection of paravalvular abscess.
Echocardiography failed to detect a paravalvular abscess in
two patients in whom such an abscess was documented at
Table 5. Risk Factors for In-Hospital Death
Infected prosthetic valve
Systemic embolism
No vegetation on echo
Staphylococcus aureus
Paravalvular abscess (echo)
Left-sided endocarditis
Left ventricular failure
2:3+ regurgitation
echo = echocardiography.
Univariate
(p value)
0.0007
0.004
0.03
0.05
NS
NS
NS
NS
Multivariate
(p value)
0.007
0.02
NS
0.05
NS
NS
NS
NS
surgery. The classic appearance of an echo-free space sur-
rounding the valve ring (18,19) was only seen in three of
eight patients with an abscess diagnosed echocardiographi-
cally, In all three of these patients, the abscess was con-
firmed at surgery or autopsy and its exact location, which
may help in planning the surgical approach, was also deter-
mined correctly. Increased paravalvular echogenicity (diag-
nosed in four patients who underwent surgery) was less
specific because two of the patients with this finding had no
abscess at surgery.
Prognostic value of Doppler echocardiography. In the
group with :s1+ regurgitation, surgery for heart failure was
not required and there were no deaths. These patients had
had symptoms from endocarditis for a median of 10 days
(range 3 to 42) before hospitalization, This suggests that if
significant valvular regurgitation has not developed by the
time antimicrobial therapy is instituted, such patients are
unlikely to suffer hemodynamic deterioration severe enough
to require valve replacement.
Risk factors for embolism. Studies that relate echocardio-
graphic features of vegetations to the risk of embolism are
difficult to interpret because of the small numbers of patients
in all series, the varying definition of embolism and inclusion
of patients who have already had an embolism by the time
echocardiography was performed,
In our analysis, embolism was defined clinically and
embolic episodes to skin were excluded because they do not
contribute directly to morbidity or mortality, Because ours is
a tertiary referral center, many of the patients had already
hag embolism before transfer. When these patients were
excluded, there was a trend toward a greater risk of subse-
quent embolism in patients with vegetations> 10 mm in size,
Because of the small numbers, this trend was not statistically
significant.
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Table 6. Size of Vegetation by Two-Dimensional Echocardiography Versus Risk of Embolism
Embolism
Total No. No Veg or Veg >10
Study No. of Emboli 510mm mm p Value
Lutas et al. (8) 76 17 16% (8/50) 45% (9/26) 0.06§
Buda et al. (9)* 42 14 26% (8/31) 55% (6/11) 0.08§
Wann et al. (lO)t 21 7 21% (3/14) 57% (4/7) 0.1611
Wong et al. (II) 31 6 20% (3/15) 19% (3/16) 0.6411
Present studyt 50 10 11% (2/18) 26% (8/32) 0.1911
Total 251 56 19% (24/128) 33% (30/92) 0.018§
*Excludes patients with right-sided endocarditis. tVegetation size graded qualitatively on I+ to 3+ scale; 3+ was
considered> 10 mm. tExcludes patients with an embolism before echocardiography. §Chi-square analysis. II Fisher's
exact test. Veg = vegetation.
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Table 6 summarizes available data from previous series
(8-11) and combines them with the present results. The
patients were divided into those who had small (:s 10 mm) or
absent vegetations and those with vegetations > 10 mm.
Statistics were recalculated using chi-square analysis or
Fisher's exact test if expected frequencies were <5 in any
cell. In four of the five studies, the percent of patients with
embolism was at least double in the group with vegetations
> 10 mm compared with those with no vegetations or vege-
tations :s10 mm; because of small numbers, these differ-
ences were not statistically significant in the individual
series. However, when all the data were pooled, the differ-
ence was significant (p = 0.018).
An attempt was made to relate the degree ofmobility of
the vegetation to the risk of embolization. All but five
vegetations were mobile. Further subdivision into high and
low mobility was difficult and appeared to be a function of
size-the larger the vegetation, the more often it appeared to
be highly mobile.
In-hospital mortality. The overall death rate of 10% for
patients with infective endocarditis is considerably lower
than the 38% reported from this institution (2) for the years
1963 to 1972. Although prompt diagnosis and better anti-
microbial therapy have contributed to this decline, the
current approach of early cardiac surgery in patients with
uncontrolled heart failure probably has been a major factor.
In the current series, heart failure and 2:3+ regurgitation
were not risk factors for death because the majority of these
patients were treated surgically, with a low operative mor-
tality rate.
The major risk factors for death were the presence of an
infected prosthetic heart valve, systemic embolism and
infection with Staphylococcus aureus. Patients who subse-
quently died generally had multiorgan failure or catastrophic
neurologic complications, or both, at the time of presenta-
tion. In this group, the mean duration of symptoms before
admission was 20 ± 8 days. This underscores the need to
educate high risk patients to ensure that they present early in
the course of their illness.
Study limitations. This was a retrospective study of a
selected group of patients seen at a tertiary referral center
with a policy of early surgical intervention for patients with
cardiac failure or uncontrolled infection. Our data may not
be applicable to other groups of patients.
We did not review the echocardiograms of patients re-
ferred with suspected endocarditis that was subsequently
disproved. Thus, our results do not define the positive and
negative predictive value of echocardiographic vegetations
for the diagnosis of infective endocarditis.
Clinical implications. Two-dimensional and Doppler
echocardiography are useful in the diagnosis of infective
endocarditis-an endocardial abnormality and 2:2+ regurgi-
tation are almost always present in native valve endo-
carditis. Patients with a prosthetic heart valve and non-
specific abnormalities pose a difficult diagnostic problem;
in such individuals, transesophageal echocardiography
may be of particular benefit. Detection of a paravalvular
abscess remains problematic and when this diagnosis is
suspected, transesophageal echocardiography again may be
helpful.
Our data reinforce the importance ofrisk stratification in
patients with infective endocarditis. The small group of
patients with :s1+ regurgitation are at low risk of hemody-
namic deterioration so that transfer to an institute with
cardiac surgical facilities is not necessary.
Embolism is a major cause of morbidity and mortality.
Vegetation size may be a risk factor for embolization, and
should be considered along with other risk factors when
assessing the need for surgical treatment. Early mortality
from infective endocarditis also relates to prosthetic heart
valves and Staphylococcus aureus; patient education to
ensure early presentation requires emphasis.
Addendum. Since this report was submitted, another
study of patients with endocarditis, using both transthoracic
and transesophageal techniques to measure vegetation size,
has reported an increased risk of subsequent embolism in
patients with mitral vegetation> 10 mm in size by echocar-
diography (20).
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